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Abstract: Ni/Al multilayered energetic structural composites with micron scale were prepared by
electroless plating followed by hot press process. The effects of original layer thickness ratio on the
microstructure, exothermic properties and mechanical properties of the fabricated composites were
investigated, and then the fracture mechanism was analyzed. The results show that the interface
bonding of Ni/Al multilayered energetic structural composites is perfect and the initial temperature of
interface reaction increases with the increase of original layer thickness ratios. The 2/3 Ni/Al
multilayered energetic structural composite not only has the highest reaction energy density of 1051. 62
J/g, but also has good strength and plasticity. The tensile strength, elongation and bending strength
reach 285.05 MPa, 8. 87% and 309. 09 MPa respectively. When the layer thickness ratio increases
from 1/2 to 1/1, both the tensile strength and bending strength increase, the plasticity decreases.
This is related to the composition and interfacial structure. Failure mode of Ni/Al multilayered
energetic structural composite is delamination mixed with fracture, and the interface delamination gets
more serious with the increase of the layer thickness ratio.
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P ] AR I ) A5 B S ) R B R AR )2 L TR 2 52
JEREEL Al 1/2,2/3 F101/1, 403 2 iR, SR %
R R HEREF] 0.5 mm J&, Fi7E XLB
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IEY IR AL R

F1 1060 HEFHUER D (RESE/%)

Table 1 Chemical compositions of the aluminum
1060 foils(mass fraction/ %)
Al Si Fe Cu
Bal 0.25 0. 30 0.05
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Table 2 Sample structures with different thickness ratios

Ni/Al layer  Thickness of  Thickness Total
Ni/Al

thickness aluminum of nickel thickness/
structure

ratio layer/pm layer/pm pm

1/2 5.5 2.75 60/61 500. 5

2/3 5.5 3.67 54/55 500. 6

1/1 5.5 5.50 45/46 500. 5

Al HITACHI TM 3000 1 # 1 7 % 3% 55
(SEM) K H: Bt BE 3% AL (EDS) X 3 B 8 1 2 57 L i 43
W 0 347 43 #1; 1 D8 ADVANCE X 5 £k 117 51X
(XRD) 43 #1 52 1 Je 3R i A 20 B F STAPC409 25
AR AL (DSO) M SE Ni/Al £ 2 & e 45 6 RHY
I R R AW = S o e W W AN ) | 2
850 °C, FH&# # 20 °C /min; il 1 Zwick/Roell Z030
LT 7 AEIR B AL AT Ni/AL 5 RE 25 kg 4 B 2047 % IR
i pEBEI L, SIS I GB/T 228 —2008 #4713t
FEA RPN BN 15 mm, P2 1 mm/min; R
FH = 57 sk A NG/ AL J2 R A RE 25 A8 A1 Rk 25 il
PERE , 25 il 52860 2 BEAR ME ASTMD790 #4725 i it ke
SR 30 mm X 10 mm X 0.5 mm,
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Fig.1 Morphologies(1) and element distribution(2) of energetic structural composites with different Ni/Al layer thickness ratios
(a)1/23(b)2/35(c)1/1
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Fig. 2 XRD patterns of Ni/Al multilayered energetic structural

composites with different layer thickness ratios
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Fig. 3 Morphology(a) and element distribution(bh) of Ni/Al multilayered energetic structural composites prepared by hot pressing for 60 min

: 4-ALNi
+N
«-Al
$
» i 1
20 30 40 50 60 70 80 90
26/(°)

Bl 4 FAJE 60 min Hl 4 #Y Ni/AlJZIR & REL5H AR XRD % &
Fig. 4 XRD pattern of Ni/Al multilayered energetic structural

composites prepared by hot pressing for 60 min
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Fig. 5 DSC curves of Ni/Al multilayered energetic structural

composites with different layer thickness ratios
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Fig. 6 XRD patterns of Ni/Al multilayered energetic structural

composites with different layer thickness ratios after reaction
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Fig. 7 Tensile stress-strain curves of Ni/Al multilayered energetic

structural composites with different layer thickness ratios
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Fig. 8 Morphologies of tensile fracture of Ni/Al multilayered energetic structural composites with different layer thickness ratios
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